Introduction {#sec1}
============

Degenerative lumbar spine stenosis is a slow progressive spinal disease common in the elderly, characterized by ligamentum flavum hypertrophy, bulging of the intervertebral disc, and facet joint thickening with arthropathy eventually leading to compression of the neural elements.

The pathology and clinical presentation have been well known since the 1950s, whereas the first reports of surgical treatment described as decompression of the nerve roots by removal of the posterior bony and ligamentous elements were made in 1977.[@bib1]^,^[@bib2]

In addition, Wiltse et al[@bib3] stressed the importance of foraminal decompression in association with central decompression.

Although many papers have been published on surgical treatment and approaches over the years, there still remain many doubts regarding the natural history of lumbar spinal stenosis (LSS), indication of treatment, and surgical approaches. To deal with these issues and try to reach some globally accepted recommendations, the World Federation of Neurosurgical Societies (WFNS) Spine Committee organized a consensus conference on this topic. This paper presents recommendations regarding the efficacy of surgical decompression, the difference between surgical techniques including recent minimally invasive surgeries (MIS), and finally, complications of surgical treatment.

Methods {#sec2}
=======

Three expert spinal surgeons (MF, OLA, CT) reviewed the literature from 2008 to 2018 analyzing different surgical techniques, complications, and results in treating LSS. In particular, each one analyzed an aspect of the surgical treatment: the role of decompressive surgery and comparison of the different surgical techniques, the value of minimally invasive spine surgery, and complications. The following section is not a systematic review or a meta-analysis, but an overview of the available relevant literature.

The quality assessment and clinical relevance criteria used were in accordance with the Agency for Healthcare Research and Quality criteria for diagnostic studies and observational studies and the Cochrane Musculoskeletal Review Group Criteria as used for interventional techniques for randomized trials. Level of evidence was defined as Levels I--IV based on the quality of evidence developed by the US Preventive Services Task Force for therapeutic interventions. Strength of evidence rate was ranked as mild, moderate, or high.

Data sources included relevant literature in the English language identified through searches of Ovid Medline, Cochrane Register of Controlled Trials, Cochrane Database of Systematic Reviews, National Guideline Clearinghouse, PubMed, and EMBASE from 2008 to 2018.

The questions to be answered were as follows:

1\. Is decompressive surgery alone an effective treatment for patients with LSS?

2\. How effective are the different surgical techniques for decompression?

3\. Is MIS superior to open decompression for clinical outcomes?

4\. Is MIS associated with lower complication rates than open laminectomy?

5\. Is MIS a more cost-effective technique than open laminectomy?

6\. What is the overall complication rate for decompressive surgery in LSS and what are the main complications?

7\. Are there any risk factors?

8\. How can complications affect outcome after decompressive surgery for LSS?

On the basis of the most significant literature, we drafted 13 statements that were presented in Milan in November 2018. After a preliminary voting session, 3 statements were excluded because evidence of the existing literature was too low to make a choice. The final 10 statements were then presented and voted on in the final round in Belgrade in March 2019.

Results {#sec3}
=======

Value of Decompressive Surgery {#sec3.1}
------------------------------

The following key words were used as search items: "surgical treatment" and "lumbar stenosis or spinal stenosis." The search was done on literature from the last 10 years, in the English language. Only studies including surgical treatment were included in the panel. A total of 374 papers were found with the cited algorithm. A young spine surgeon made a first selection. After excluding papers regarding spondylolisthesis, interspinous process devices, conservative treatment alone and physical therapy, outcome, and complications, a total of 81 papers were left. Case reports, technical notes, and studies with a limited number of patients, short follow-ups, or not well-defined inclusion criteria and follow-up were excluded. Finally, we identified 9 papers considered to be the most significant to argue the statements and the subsequent vote; they are summarized in [Tables 1](#tbl1){ref-type="table"} and [2](#tbl2){ref-type="table"}, whereas the literature review process is summarized in [Figure 1](#fig1){ref-type="fig"}.Table 1Papers Comparing Surgical Versus Nonsurgical TreatmentThomé et al 2008[@bib4]Review articleSurgical superior to nonsurgical\
Surgery indicated after 3 months of conservative treatment\
If adequate decompression microsurgical techniques equal to open laminectomySPORT study group 2008[@bib5]Randomized observational studyRelief of symptoms faster with surgery\
Surgery is superior in long termWatters et al 2008[@bib6]\
Kreiner et al 2013[@bib7]Review articleSurgery is superior in patients with moderate-to-severe symptoms\
Surgery is superior in long termZaina et al 2016[@bib8]Metanalysis of RCTsNo benefit of surgery with respect to nonsurgical treatment[^1]Table 2Papers Comparing Different Surgical TechniquesOverdevest et al 2015[@bib9]Metanalysis10 RCTs\
733 patients\
3 surgical techniquesAdvantages of microscopic techniques with respect to back pain and postoperative instabilityCosta et al 2007[@bib10]Retrospective study473 patients87.9% good outcomePhan and Mobbs 2016[@bib11]Systematic review12 papers\
5 RCTs and 7 observational studiesAdvantages of microscopic techniques: lower BP, shorter hospitalization\
Complications similar to open approach[^2]Figure 1Literature review process. MISS, minimally invasive spine surgery; LSS, lumbar spinal stenosis.

Most of the studies concluded that surgical treatment is an effective option in the treatment of LSS and particularly in cases with prolonged and progressively worsening symptoms in the legs.

Thomé et al[@bib4] stated in their review that, because of the changing societal age structure, the incidence of symptomatic LSS is increasing and the decision of whether to use conservative or surgical treatment crucially depends on the spontaneous disease course. However, this course is still not well known or investigated. After analyzing the literature, they reached the conclusion that although only a few evidence-based insights into the treatment options of LSS exist, surgical treatment makes sense, and is indicated, for relevant and therapy-resistant symptoms.[@bib4]

The Spine Patient Outcomes Research Trial supports these results. The Commitee of the SPORT trials analyzed a large group of 289 patients in a randomized cohort and 365 patients in an observational cohort. Surgery resulted in a faster and significantly better alleviation of complaints than conservative treatment, especially in the longer term. Interestingly, patients who did not have surgery also experienced a reduction in symptoms, albeit at a slower rate.[@bib5]

North America Spine Society guidelines published in 2008, and updated in 2011, suggested some conclusions based on the review of existing studies; most of them with recommendation grade B or C. In particular, decompressive surgery is suggested to improve outcomes in patients with moderate-to-severe symptoms of LSS, whereas medical and/or interventional treatment may be considered for patients with mild symptoms. But there is still insufficient evidence for this group of patients because they are not considered candidates for surgery and, consequently, they are often not included in studies. Decompression alone is suggested for patients with leg predominant symptoms without instability. Surgical treatment may be considered to provide long-term improvement for patients with degenerative LSS and may be considered as treatment also in patients aged 75 or older.[@bib6]^,^[@bib7]^,^[@bib12] However, some studies also reached opposite conclusions. A Cochrane Systematic Review published in 2016 analyzed 5 randomized controlled trials (RCTs) with a total of 643 patients randomized between surgical and conservative treatment. Those studies reached the conclusion that current evidence comparing surgical versus nonsurgical care for LSS is of low quality. For this reason, the authors could not conclude whether a surgical or a conservative approach was better for LSS, and no recommendations to guide clinical practice were provided. Moreover, the authors underlined that due to the high rate of side effects associated with surgery, clinicians should be cautious when proposing surgery for LSS, and patients should be properly informed of the risks. This review also highlighted the dearth of high-quality studies comparing surgical versus nonsurgical treatment options. In particular, studies with detailed protocols and descriptions of nonsurgical treatments are lacking.[@bib8]

The existing studies of different surgical techniques concluded that microscopic techniques represent an effective surgical treatment of LSS and are feasible in the majority of patients, but there was insufficient evidence to support their superiority to standard laminectomy ([Figure 2](#fig2){ref-type="fig"}).Figure 2(**A**) Standard posterior approach with open laminectomy and facets sparing; (**B**) bilateral laminotomy; and (**C**) unilateral laminotomy with bilateral decompression; (**B, C**) consent posterior element preservation.

Overdevest et al[@bib8] compared the effectiveness of novel microscopic techniques of posterior decompression (that limit the extent of bony decompression or avoid removal of posterior midline structures) versus conventional facet-preserving laminectomy for the treatment of patients with degenerative lumbar stenosis. They identified 10 RCTs to reach the conclusion that microscopic techniques compared with conventional laminectomy on functional disability, perceived recovery, and leg pain is of low or very low quality. Therefore, further research is necessary to establish whether these techniques offer a safe and effective alternative to conventional laminectomy. The proposed advantages of these techniques regarding the incidence of iatrogenic instability and postoperative back pain are plausible, but poor methodology and poor reporting of outcome measures among included studies limit definitive conclusions.[@bib9]

Costa et al[@bib10] conducted a retrospective study in a consecutive series of 473 patients treated with unilateral microdecompression over a 5-year period (2000--2004). They concluded that unilateral laminotomy to achieve bilateral decompression provides an adequate and safe decompression of the spinal canal in patients with LSS. Evaluation of the long-term follow-up data obtained showed very favorable results for overall clinical improvement and satisfaction, as well as a low rate of morbidity (no significant segmental instability requiring reoperation was shown), confirming the feasibility of this minimally invasive approach in elderly and younger patients alike.[@bib10]

Phan and Mobbs,[@bib11] in their systematic review and meta-analysis, compared classical open decompression to unilateral laminectomy for bilateral decompression and reached the conclusion that this microsurgical technique provides some advantage in terms of blood loss reduction, less disruption of muscular and ligamentous structures reducing pain and risk of instability, and short hospitalization times. However, the evidence supporting that was of moderate quality, and those findings warrant verification in large prospective registries and randomized trials.[@bib11]

According to these literature reviews, the WFNS Spine Committee proposed and voted on the statements as follows:

*Statement 1:* Surgical decompression is an effective option in patients with moderate-to-severe symptoms. All expressed a positive vote to this statement with a strong consensus (90% voted 5 of the Linkert scale LS, 10% voted 3 of LS).

*Statement 2:* Microscopic techniques are equal to standard laminectomy to achieve adequate spinal canal decompression. This statement did not reach a consensus (12% voted 1 of LS, 25% voted 2 of LS, 12% voted 3 of LS, 13% voted 4 of LS, and 38% voted 5 of LS).

*Statement 3:* Unilateral laminotomy with bilateral decompression or bilateral laminotomy is not inferior to standard laminectomy for the treatment of LSS. This statement did not reach a consensus (10% voted 1 of LS, 27% voted 2 of LS, 11% voted 3 of LS, 12% voted 4 of LS, and 40% voted 5 of LS).

Differences Between Open and Minimally Invasive Spine Surgery Decompression {#sec3.2}
---------------------------------------------------------------------------

The following key words were used as search items: "surgical decompression" and "lumbar stenosis or spinal stenosis." The search was done on literature from the last 10 years in the English language. There were a total of 73 papers found corresponding to the cited algorithm. After applying the filters, we identified 9 papers considered to be the most significant to argue the statements and the subsequent voting (literature review process is summarized in [Figure 1](#fig1){ref-type="fig"}).

Mobbs et al[@bib13] published an RCT, including 54 patients, comparing the outcomes after minimally invasive unilateral laminectomy and open laminectomy for isolated lumbar stenosis. The strong points of this study were the inclusion of a control group, the similarity of the baseline patients characteristics in the 2 groups, the lack of learning curve bias as the same senior surgeon performed all operations, and the quite homogeneous group of patients after excluding concomitant fusion or instrumentation, discectomy, spondylolisthesis, degenerative scoliosis, instability, or previous index level surgery. Nevertheless, only 54 of 79 (68.4% of originally randomized) patients were followed for a rather short term. Concerning the results, the primary clinical outcomes---mean visual analogue scale (VAS) and oswestry disability index---were significantly lower postoperatively in both groups. As for surrogate outcomes, postoperative length of stay (55.1 vs. 100.8 hours, *P* \< 0.01), time to mobilization (15.6 vs. 33.3 hours, *P* \< 0.001), opioid use (51.9% vs. 15.4%, *P* \< 0.01), and mean blood loss (*P* \< 0.01) were significantly in favor of MIS decompression.[@bib13]

On the nihilistic side regarding MIS techniques, Ang et al,[@bib14] in a retrospective study enrolling 113 patients, concluded that for a single-level lumbar decompression the functional benefit observed at 6 months after surgery dissipated at a longer follow-up (24 months).

A systematic review published by Ng and Cheung,[@bib15] including 10 RCTs, stated that there was no conclusive evidence that MIS had better improvement in pain and outcome scores, like the VAS, short form survey-36 items, and Japanese Orthopaedic Association scores, or reduced the reoperation rate compared with open surgery. However, the same study supported, with weak evidence, that MIS reduced operating time, duration of hospital stay, and CPK-MM levels. Still, the conclusions of that systematic review should be regarded with extreme caution, as there was a very poor standardization of the MIS technique definition, including a myriad of different MIS techniques in the same pool. The lesson learned from that study is that MIS techniques should not be studied as a conceptual group, as one given MIS procedure is very different from another in terms of indications, preoperative risks, and learning curve.[@bib15]

In a meta-analysis including 16 studies, some of them fusion-related, Chang et al[@bib16] confirmed that MIS was associated with better VAS for back pain (*P* = 0.01), shorter length of hospital stay (*P* \< 0.001), and lower blood loss (*P* \< 0.001).

Phan and Mobbs,[@bib11] in a systematic review and meta-analysis, enrolling 12 studies of high methodological quality as defined by Furlan et al,[@bib17] showed that MIS cohorts had higher patient satisfaction rates than open cohorts (84.0% vs. 75.4%, *P* = 0.03), whereas back pain VAS scores were lower (*P* \< 0.00001). MIS operative duration was 11 minutes longer than the open approach (*P* = 0.001); however, this may not have clinical significance. There was less blood loss (*P* \< 0.00001) and shorter hospital stay (2.1 days; *P* \< 0.0001). That study provides moderate quality supporting MIS for superior satisfaction rates, reduced hospitalization, reduced blood loss, and longer procedures. However, it has to be stressed that the study included 5 RTC and 7 observational studies, reflecting a potential selection bias, with a small number of patients in each study, different follow-up periods, mixing tubular with mini-open studies as representatives of the MIS technique, a lack of standardized definition for quality and patient satisfaction outcomes, as well as an important surgeon heterogeneity in terms of experience and case load.[@bib11] Even if the benefits of both approaches were similar, then, maybe, the associated complication rate would distinguish open from MIS decompression in lumbar stenosis. When arguing about complication rates, the MIS group is associated with higher rates of inadvertent durotomies and reoperations within 2 years according to Ang et al,[@bib14] who advised that MS advantages should be carefully weighed against the potential complications. However, for Nerland et al,[@bib18] the number of patients experiencing complications was equal (14.6% vs. 10.6%, *P* = 0.23) in propensity matching group analysis. Phan and Mobbs[@bib11] found a similar risk ratio for dural injury (1.6% vs. 5.8%; *P* = 0.02), cerebrospinal fluid leak, which was confirmed by Chang et al,[@bib16] who also pointed out nonsignificantly different wound infection rates. Epstein clearly showed a higher overall incidence of nerve root injuries, radiculitis using MIS approaches. Regarding reoperations, it seems that MIS has a protective effect resulting in fewer reoperations as a result of a diminished development of postop iatrogenic spondylolisthesis after lumbar stenosis decompression.[@bib11]^,^[@bib14]^,^[@bib16], [@bib18], [@bib19], [@bib20], [@bib21]

After analyzing the benefits and the complications of open versus MIS decompression, it seems logical to elaborate the cost-effectiveness of each technique. By enrolling a large sample of patients (n = 885), with follow-up for 1 year after surgery over a period of 5 years, Nederland et al, in their prospective observational study comparing the effectiveness of open versus MIS decompression, concluded that 1-year effectiveness of microdecompression is equivalent to laminectomy in the surgical treatment of central lumbar stenosis. In a US-based cost-utility retrospective study, with 54 patients (27 open and 27 MIS) followed for 2 years, Parker et al[@bib21] concluded that functional gain and cost were equivalent for multilevel decompression. MIS and open techniques were equivalent in 2-year quality adjusted life years gained (0.72 vs. 0.71, *P* = 0.99) and showed similar 2-year costs (\$23,109 vs. \$25,420; *P* = 0.21) translating equivalent utilization of health care resources in terms of care visits, physical therapy, diagnostic imaging, and postoperative medication. The limited sample size, the recall bias as patient phone interview for outcome was conducted retrospectively, the cost source based on Medicare national allowable payment, and the variability across providers hampered strong conclusions.[@bib19]

According to those literature reviews, the WFNS Spine Committee proposed and voted on the statements as follows:

*Statement 4*: MIS has some advantages over open decompression for early clinical outcomes (blood losses, wound pain, and hospital stay). This statement reached a strong positive consensus (50% voted grade 4 of LS, 10% voted grade 3, and 10% voted grade 1).

*Statement 5*: MIS is associated with lower complication rates than open approach. This statement reached a strong positive consensus (40% voted grade 5, 20% grade 4, 30% grade 3, and 10% grade1).

*Statement 6*: MIS is a more cost-effective technique than open laminectomy. This statement did not reach a consensus (40% voted grade 5, 20% grade 3, 20% grade 2, and 20% grade 1).

Complications of Decompressive Surgery {#sec3.3}
--------------------------------------

By searching the key words "decompressive surgery" and "and complications" between 2008 and 2018, a total of 1234 papers were found. After applying the filters, we identified 289 papers, of which 19 were considered to be the most significant to argue the statements and the subsequent voting (literature review process is summarized in [Figure 1](#fig1){ref-type="fig"}).

The literature regarding complications in spine surgery and, in detail, in decompressive surgery is thriving. Recently, literature has received more papers regarding complications in the elderly. Despite this, it is challenging to evaluate the overall complication rate because its value can vary greatly between different studies due to the heterogeneity of posterior spine surgery procedures analyzed, of outcome and follow-up parameters.

Imagama et al[@bib22] presented a retrospective review of all posterior surgeries with or without fusion performed in a 10-year period with a total of 918 patients. They analyzed the frequency and severity of perioperative complications and all minor adverse events. Furthermore, the incidence of intraoperative complications was compared between junior (\<10 years of experience in spine surgery) and senior (≥10 years of experience) surgeons. They found an overall rate of 15.7%; of them, 2.4% were intraoperative, whereas 13.3% were postoperative. Predictably, the complication rate was higher in elderly patients and in longer and more complicated operations (instrumented surgery). The absence of a relationship between the experience of the surgeon and incidence of intraoperative complications may be due to the greater effect of invasive surgery performed by experienced surgeons. They concluded that surgical indications should be cautious and do not exclude invasive surgery in elderly patients.[@bib22]

Deyo et al[@bib23] examined different surgical techniques for lumbar decompression and fusion and their association with complications and resource use. They carried out a retrospective cohort analysis of complications such as wound complications, cardiopulmonary adverse events and mortality for decompression alone, simple fusion (1 or 2 disk levels, single surgical approach), or complex fusion (more than 2 disk levels or combined anterior and posterior approach). They found that life-threatening complications increased with increasing surgical invasiveness, from 2.3% among patients having decompression alone to 5.6% among those having complex fusions. A similar pattern was observed for rehospitalization within 30 days, which occurred for 7.8% of patients undergoing decompression and 13.0% having a complex fusion. They concluded that compared with decompression, simple fusion and complex fusion were associated with increased risk of major complications, 30-day mortality, and resource use.[@bib23]

Other papers individually analyzed the different complications. One of the most frequent, that particularly affects minimally invasive surgical technique, is incidental durotomy (ID). The Spine Patient Outcomes Research Trial study group analyzed the incidence of this complication among 490 patients who underwent first-time open laminectomy with or without fusion. They found a rate of 9% for this complication. No significant differences were observed in age; sex; race; body mass index; the prevalence of smoking, diabetes mellitus, and hypertension; decompression level; number of levels decompressed; or whether an additional fusion was performed. The durotomy group had significantly increased operative duration, operative blood loss, and inpatient stay. However, there were no differences in incidence of nerve root injury, mortality, additional surgeries, or primary outcomes at yearly follow-ups to 4 years. They concluded that ID during first-time lumbar laminectomy for spinal stenosis did not impact long-term outcomes in affected patients.[@bib24]

Ulrich et al[@bib25] did a prospective multicenter cohort study with the aim of assessing whether ID during first-time LSS decompression surgery without fusion had an impact on long-term outcome. A total of 167 patients met the inclusion criteria; 9% of those patients had an ID. Baseline characteristics were similar between the durotomy and no-durotomy group. All patients improved over time. Their conclusions were similar to Deyo et al: ID did not have a negative effect on long-term outcome and quality of life.[@bib25]

Kothe et al[@bib26] made a comparative analysis between a cohort of patients who underwent ID with respect to a cohort of patients without dural laceration. They made a prospective multicenter study that included 800 patients with LSS who underwent exclusive decompression surgery with a follow-up preoperatively, as well as 3 and 12 months after surgery. They found that intraoperative dura lesions occurred in 6.5%. As in the previous reported paper, they found that both cohorts did not reveal any differences regarding patient demographics, risk factors, or comorbidities at baseline. The length of the hospital stay was significantly longer for the Dura+ cohort. Otherwise, in contrast with previously cited papers, they demonstrated a significantly greater improvement in VAS back pain in patients without ID, but the differences for the remaining outcome measures were not statistically significant.[@bib26]

Strömqvist et al[@bib27] did a retrospective analysis of almost 64,500 surgical procedures to evaluate whether ID affects outcomes after degenerative spine surgery and the incidence of ID with different diagnoses and different surgical procedures. The aim was to overcome the conflicting evidence presented regarding whether or not outcomes are affected by the presence of an ID. They found an overall incidence of ID of 5.0% (higher rate in decompressive surgery and in patients who underwent previous spinal surgery). They concluded that the outcome at 1 year after surgery was not affected to a clinically relevant extent when an ID was obtained. However, ID was associated with a higher degree of patient dissatisfaction and a longer hospital length of stay.[@bib27]

McMahon et al[@bib28] reached very similar conclusions. They found a rate of 3.5% for ID and identified risk factors that can increase the likelihood of a durotomy, including location of the spinal procedure, type of procedure performed, and the implementation of a new procedure. The years of physician training or resident experience did not appear to be a major risk.[@bib28]

Many others studied the different risk factors of ID with the aim of minimizing its occurrence.[@bib29]^,^[@bib30]

Another frequent perioperative complication of spine surgery is the development of epidural hematoma with or without neurologic symptoms. Fujiwara et al[@bib31] studied the development of postsurgical epidural hematoma and its correlation with hypertension. The study included a total of 2468 patients who underwent microscopic posterior decompression surgery for LSS and found a reoperation rate of 0.6% for this complication. They demonstrated that the preoperative high blood pressure value was the most essential risk factor for postsurgical epidural hematoma and concluded that the management of preoperative blood pressure and postoperative drainage would be crucial for its prevention.[@bib31]

As mentioned previously, Overdevest et al[@bib8] performed a literature review including prospective controlled trials to compare the effectiveness of techniques of posterior decompression that limit the extent of bony decompression or avoid removal of posterior midline structures of the lumbar spine versus conventional facet-preserving laminectomy for the treatment of patients with degenerative lumbar stenosis. A total of 4 high-quality RCTs and 6 low-quality RCTs met the search criteria of this review with a total of 733 participants. Three studies (173 participants) compared unilateral laminotomy for bilateral decompression versus conventional laminectomy. Four studies (382 participants) compared bilateral laminotomy versus conventional laminectomy (1 study included 3 treatment groups and compared unilateral and bilateral laminotomy vs. conventional laminectomy). Finally, 4 studies (218 participants) compared a split-spinous process laminotomy versus conventional laminectomy. Evidence of low or very low quality suggests that different techniques of posterior decompression and conventional laminectomy have similar effects on functional disability and leg pain. They found no evidence to show that the incidence of complications, length of the procedure, length of hospital stay, and postoperative walking distance differed between techniques of posterior decompression. Differences in postoperative low-back pain were too small to be significant. Therefore, they concluded that the effects of unilateral laminotomy for bilateral decompression, bilateral laminotomy, and split-spinous process laminotomy compared with conventional laminectomy on functional disability, perceived recovery, and leg pain are of low or very low quality. The proposed advantages of these techniques regarding the incidence of iatrogenic instability and postoperative back pain are plausible, but poor methodology and poor reporting of outcome measures and lack of long-term outcome results among included studies limit definitive conclusions.[@bib9]

Kim et al[@bib32] did a study to evaluate, in particular, the reoperation rate after decompression or decompression and fusion for the treatment of LSS and to compare the reoperation rates between decompression and fusion surgeries. They performed a retrospective cohort study using national health insurance data of a cohort of patients who underwent initial surgery for lumbar stenosis without spondylolisthesis in 2003 with a total of 11,027 patients selected with a follow-up of 5 years. The primary end-point was any type of second lumbar surgery. They found that fusion surgery was performed in 20% of patients. The cumulative reoperation rate was 4.7% at 3 months, 7.2% at 1 year, 9.4% at 2 years, 11.2% at 3 years, 12.5% at 4 years, and 14.2% at 5 years. The adjusted reoperation rate did not differ between decompression and fusion surgeries, and the calculated reoperation rate was expected to be 22.9% at 10 years. They concluded that the reoperation rate was not different between decompression and fusion surgeries, and with current surgical trends, the reoperation rate is progressively higher than in the past, and consideration of this problem is required.[@bib32]

As stated previously, many recent studies have been focused on outcome and complications in the elderly due to an increasing demographic aging of the general population with degenerative spine disease.

Gerhardt et al[@bib33] assessed complication rates of lumbar decompression in regard to neurologic outcome and medical conditions in patients aged 80 years or older in a retrospective single-center series. They retrospectively collected data on 244 patients who underwent decompressive surgery for LSS or disc herniation in a 10-year period. They found a rate of new transient, postoperative, neurologic deficits of 2.5%, and a rate of intraoperative complications of 22.5% from mild to moderate, no severe surgical complications occurred. Two hundred and fifteen patients (88%) had relevant medical disorders.

The rate of medical complications was 7.7%, of which 73.3% were severe and 26.3% were mild (such as pulmonary embolisms, pneumonias, myocardial infarctions, postoperative renal failure, and urinary tract infections). Medical complications necessitating intensive care unit treatment and that resulted in a lethal outcome were 0.8%. They concluded that despite their age, the vast majority of octogenarians and nonagenarians benefited from lumbar decompression surgery. Mild-to-moderate intraoperative complications were relatively frequent, whereas severe intraoperative complications did not occur. The majority of medical complications were severe, but the incidence was acceptable, and the postoperative outcome was still favorable for most patients.[@bib33]

Proietti et al[@bib34] conducted a retrospective study of 338 patients considering general and specific complications of spine surgery. They found that an age of over 65 years was not a predisposing factor in developing intra- and perioperative complications, despite the risk of developing general complications being progressively higher in patients over the age of 75 years with more than 4 comorbidities. On this basis, importance was given to the preoperative risk assessment based on the magnitude of surgery planned. In particular, they found greater complications in patients operated on for instrumented surgery and aged over 69 years. A long surgical time (\>4 hours) and the use of conventional open surgery have demonstrated a consistent risk factor in developing superficial and deep wound infections. Major complications are more often seen in complex surgical treatments for severe deformities, in revision surgery and in anterior approaches with an occurrence of 58.3%.

In detail, the greater age of patients in a lumbar stenosis group may be the cause of a major incidence of unintended durotomy associated with the presence of significant scar adhesions typical of degenerative process of the lumbar stenosis (4.5 vs. 3.1%). Deep venous thrombosis and pulmonary embolism are significant potential complications in spinal surgery. A limited number of reports have documented these events in relatively small populations of patients. The true incidence of thromboembolic complications in spinal surgery still remains unknown today.

It was concluded that several factors have to be considered in surgical planning to avoid complications and exclusion of patients is not justified only due to age, but a systematic preoperative clinical evaluation should be performed to stratify risks and to guide decision making to obtain the best possible clinical results at lower risk.[@bib34]

According to these literature reviews, the WFNS Spine Committee proposed and voted on the statements as follows:

*Statement 7:* Overall complication rate for lumbar decompressive surgery is approximatively 20% and reoperation rates are estimated around 10% in 5 years. This statement did not reach a consensus (20% voted grade 4, 30% grade 3, 10% grade 2, and 40% grade 1).

*Statement 8:* Cardiopulmonary complications and stroke in this elderly population occur in about 2% and mortality is 0.5%. This statement reached a strong positive consensus (40% voted grade 5, 10% grade 4, 40% grade 3, and 10% grade 2).

*Statement 9:* New neurologic injury and postoperative hematoma after decompressive surgery are rare (≈1%). All expressed a positive vote with a strong positive consensus (40% grade 5, 30% grade 4, and 30% grade 3).

*Statement 10:* Incidental durotomy is common (almost 10%) and depends on established risk factors and has only a minor effect on outcome. This statement reached a strong positive consensus (30% voted grade 5, 10% grade 4, 40% grade 3, and 20% grade 1).

The WFNS Spine Committee Recommendations for Decompressive Surgery are summarized in [Table 3](#tbl3){ref-type="table"}.Table 3WFNS Spine Committee Recommendations on Decompressive Surgery, Minimally Invasive Techniques, and ComplicationsEfficacy of decompression\
 • Surgical decompression is an effective option in patients with moderate-to-severe symptomsRole of MISS in the treatment of LSS\
 • Minimally invasive surgery (MIS) has some advantages over open decompression for early clinical outcomes (blood losses, wound pain, and hospital stay)\
• MIS is associated with lower complication rates than open approachComplications of decompressive surgery\
 • Cardiopulmonary complications and stroke in the elderly population occur in approximately 2% and mortality is 0.5%\
• New neurologic injury and postoperative hematoma after decompressive surgery are rare (approximately 1%)\
• Incidental durotomy is common (almost 10%) and depends on established risk factors and has only a minor effect on outcome[^3]

Discussion and Conclusions {#sec4}
==========================

All the members of the Committee agreed about the utility of surgical decompression for the treatment of symptomatic LSS. However, the clinical onset is often referred as mild, moderate, or severe, but there is wide heterogeneity in this classification. As stated in the North America Spine Society guidelines, the severity of symptoms is based on the extent of leg pain and pain-related disability (numbness and neurologic deficits in the lower extremities and buttocks, and bladder/bowel dysfunction). In addition, the above symptoms were required to be induced or exacerbated by walking or prolonged standing and relieved by lumbar flexion, sitting, and recumbency.[@bib12]

Moreover, simply defining the correlation between radiological findings and clinical symptoms of LSS can be challenging: in fact, sometimes there is no direct correlation. There is the same problem with the lack of standardization in outcome measures.

Furthermore, in most studies, patients with LSS alone or in association with spondylolisthesis or instability are not considered separately, and this makes reaching any significant conclusion very difficult.

All of these represent serious drawbacks, as reported in most of the cited studies; this represents an important limit to comparing the literature effectively.

Despite this, as previously discussed, there is strong agreement regarding the effectiveness of the surgical treatment with the aim of decompressing the nervous structures for the relief of neurogenic claudication and radicular pain or lower limbs weakness, in particular in patients with moderate-to-severe symptoms.

The question is very different regarding the most appropriate surgical technique and in particular, whether microsurgical ones are equal or inferior to standard laminectomy or which microsurgical technique is better. In fact, the results of statements 2 and 3 show that the committee was divided in half. This is mainly due to many microsurgical and minimally invasive techniques being described with no standardization in the technique itself and, as stated by Ng and Cheung,[@bib15] the different techniques should not be studied as a conceptual group, but one given MIS procedure is very different from another in terms of indications, preoperative risks, and learning curve.

For example, unilateral laminectomy for bilateral decompression was first described in 1997 by Foley and Smith,[@bib35] and it is has been the most widely used for 10 to 15 years but, despite all the papers available, only moderate evidence recommends its use over open laminectomy.[@bib11] Similar conclusions are available for all the different techniques for posterior decompression in LSS.

Analyzing the literature up to today, it is nearly impossible to define what the best surgical approach is; for this reason, personal experience and skill with specific techniques must be considered as one of the main factors in choosing one of them. Further RCTs are needed to compare the efficacy of open and MIS techniques.

The analysis of posterior approaches for lumbar surgery and associated complications shows a progressive increasing of the overall rate, accordingly with the higher age of the treated population. However, definitions of intraoperative, perioperative, and postoperative complications have not been established, and previous reports have varied in the definition of, and focus on, intraoperative or major postoperative complications.

In general, different studies show an incidence of dural tears among 10% and an overall complication rate of 20%. The committee disagreed with these percentages based on their personal experience; in detail, they argued that these percentages are too high in respect to the real incidence of complications in daily practice ([Table 4](#tbl4){ref-type="table"}).Table 4Complications of Decompressive SurgeryIntraoperativeNeurological deficits1%--2%Dural injury10%Infection±2%Delayed surgicalHematoma0.6%Instability±20%Reoperation±15%MedicalDeep venous thrombosis\
Pulmonary embolism\
Postoperative anemia\
Cerebral ischemia\
Urinary infections\
Ileus and other minors5%--10%

In conclusion, to the best of our knowledge, the surgical treatment for LSS by decompression alone is an effective treatment. Which surgical technique is the best is still debatable. MIS decompression for isolated lumbar stenosis achieves at least the same clinical outcomes and cost-efficiency as the open technique, however, with a favorable impact on surrogate end-points for outcome, such as blood loss, hospital stay, and wound infection. Our suggestion is to use the one you are most confident with.

The statement that did not reach a consensus will be discussed again in the future to overcome existing doubts.
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[^1]: RCT, randomized controlled trial.

[^2]: RCT, randomized controlled trial; BP, back pain.

[^3]: MISS, minimally invasive spine surgery; LSS, lumbar spinal stenosis.
